3 encodes the human ortholog of the Drosophila melanogaster abnormal spindle gene (asp), which is essential for normal mitotic spindle function in embryonic neuroblasts (2) .
The MCPH1 gene at the MCPH1 locus encodes a polypeptide with an amino-terminal and a tandem repeat of carboxyl-terminal BRCT domains (3) . Recently, Mcph1 was identified as a transcriptional suppressor of the human telomerase catalytic subunit and, therefore, was termed BRIT1 (BRCT-repeat inhibitor of hTERT expression) (4) .
BRCT domains are peptide-and phosphopeptide-binding modules (5) (6) (7) . BRCT domains are present in a number of genes involved in DNA checkpoint controls and DNA repair. These include BRCA1, 53BP1, and NFBD1/MDC1, which encode proteins with twin carboxyl-terminal BRCT domains (PTCB). The PTCBs are candidate "mediators" that may be human orthologs of the prototype budding yeast checkpoint gene RAD9. The PTCBs form discrete nuclear foci upon DNA damage. They are required for the intra-S-phase and the G2/M checkpoints induced by ionizing radiation (IR) and regulate activation of the checkpoint kinases Chk1 and/or Chk2 (8) (9) (10) (11) (12) (13) (14) (15) (16) . Depletion of endogenous NFBD1 also impairs IR-induced ATM activation (17) . The potential role of Mcph1 in IR-induced checkpoints has yet to be elucidated.
In this study, we show that Mcph1 forms IR-induced foci. Inhibition of Mcph1
expression by siRNA leads to the defective IR-induced intra-S-phase and G2/M checkpoints and is associated with decrease of Brca1 and Chk1 both at the mRNA and protein levels. We conclude that Mcph1 is involved in DNA damage-induced cellular responses, and we propose that regulation of Brca1 and/or Chk1 by Mcph1 may contribute to these cellular responses. GUCACCACAGCGCAATGGAdTdT-3' (nt 512 to 530). M2 to M5 were 4 siGENOME duplexes developed by the Dharmacon Research. The sequences of siRNA oligonucleotide duplexes that target NFBD1 (8), 53BP1 (9), Brca1 (18) , and the Luciferase gene have been described before. Cells were transfected with siRNA duplexes using Oligofectamine (Invitrogen) following the manufacturer's instructions.
Radioresistant DNA synthesis assay
The RDS assay was performed as described (11 
Immunofluorescent detection of phosphorylated histone H3
Cells were harvested 1 to 2 h after irradiation, washed with phosphate-buffered saline (PBS), resuspended in 2 ml of PBS (up to 5x10 6 cells), and fixed in suspension on ice by the gradual addition of 6 ml of 100% ethanol and by incubation at 4°C for at least 1h and as long as several days. After fixation, the cells were suspended in 0.5 ml of 0.5%
Triton X-100 in PBS, and incubated at room temperature for 5 min. 
Indirect immunofluorescence
Indirect immunofluorescence was performed as described before (19) . 
Immunoprecipitation and Western blotting
Immunoprecipitation and Western blotting have been described before (19) . (17) (our unpublished data). We used phospho-specific antibodies that recognize Chk1 p-S345, Chk2 p-T68 and ATM p-S1981 as markers for activation of these checkpoint kinases (23) (24) (25) . Depletion of Mcph1 in U2OS cells did not affect IR-induced activation of Chk2 (Fig. 2B) or ATM (Supplemental Fig. 3 ). However,
Mcph1 knockdown significantly reduced Chk1 and Brca1 protein levels (Fig. 2B) Brca1 regulates the G2/M checkpoint by activating Chk1 after DNA damage (21).
Brca1 is also required for the IR-induced S-phase checkpoint (11) . Depletion of Chk1 by siRNA confers both intra-S-phase and G2/M checkpoint defects (26) . To determine whether Mcph1 plays a role in DNA damage checkpoints, we examined the integrity of
IR-induced checkpoints in Mcph1-inhibited cells. The IR-induced intra-S-phase checkpoint reduces radio-resistant DNA synthesis (RDS). Compared to control cells,
Mcph1-inhibited cells showed higher, but variable, RDS when exposed to 5-or 10-Gy irradiation (data not shown), and significantly higher RDS when irradiated with 20 Gy (Fig. 4A) . This result indicates a role of Mcph1 in the intra-S-phase checkpoint.
To examine the G2/M checkpoint, we used phospho-Histone H3 (Ser10) (p-H3)
as a mitotic marker. Mcph1-inhibited U2OS cells had a significantly higher portion of p-H3 2 h after 4-Gy irradiation in comparison to the control cells (Fig. 4B) . Flow cytometry analysis of p-H3-positive cells revealed that approximately thirty-fold more Mcph1-inhibited cells than control cells enter mitosis 2 h after 4-Gy irradiation (Fig. 4C) .
Therefore, inhibition of Mcph1 expression is associated with a G2/M checkpoint defect.
We failed to detect a G2/M checkpoint defect using the same assay using the Mcph1 by siRNA is associated with defects in the IR-induced intra-S-phase and the G2/M checkpoints and a decrease of Brca1 and Chk1 at both protein and transcript levels.
We propose that regulation of Brca1 and Chk1 by Mcph1 is required for the integrity of the DNA damage-induced checkpoints. Checkpoint defects may lead to genome instability, a mutagenic condition that predisposes organisms to cancer. We, therefore, hypothesize that MCPH1 is a tumor suppressor. 
Figure Legends

